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(71) We, G.A.O. GESELLSCHAFT 
FUR AUTOMATION UND ORGANISA- 
TION mbH, a German Body Corporate of 
Munchen, Euckenstrasse 12, Germany, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement:- 

It is known from U.S. Patent 3,473,027 to 
use differently fluorescing, visible or invisi- 
ble printing inks for machine-sensible, 
coded data recording. To this end, the inks 
are provided with lanthanide ions in such a 
way that one will exhibit red, another 
orange, a third green, and a fourth blue 
fluorescence. After excitation of the 
fluorescences by means of a uniform excita- 
tion spectrum, in the checking apparatus, 
the fluorescent emissions are directed, by 
means of a prism, to photoelectric cells 
associated witn the individual inks; thus, the 
^information stored by the different com- 
binations or by the presence or absence of 
the individual inks is read. 

This checking system has the disadvan- 
tage that only narrow bands within prede- 
termined regions of the fluorescence spec- 
trum are checked for the presence or abs- 
ence of fluorescences without it being possi- 
ble to establish the identity of the inks itself. 
The checking apparatus can be deceived at 
any time by using counterfeit inks whose 
fluorescent emissions do not fall within the 
ranges of response of the photoelectric cells. 
Since there is presently no better way of 
identifying fluorescent materials or disting- 
uishing between fluorescences by simple 
means, the very coarse checking methods 
make it relatively easy to forge such coded 
information. 

The object of the invention is, therefore, 
to provide a simple checking method which 

Sermits unambiguous identification of 
uorescent materials so that genuine 


fluorescent materials can be distinguished 
from other materials. 

In one embodiment of the invention the 
fluorescent material to be checked is excited 
into fluorescence by light of two different 50 
spectral radiation intensities, and the diffe- 
rent radiant intensities emitted by the 
fluorescent material to be checked are used 
for identification. 

The invention takes advantage of the fact 55 
that fluorescent materials absorb the excit- 
ing light at those points of their spectra 
where they are excitable. 

In a preferred embodiment of the inven- 
tion, the fluorescent material is irradiated 60 
by a light source having a very wide spec- 
trum whose light, in a first checking process, 
is evenly damped throughout the width of 
the spectrum by inserting a grey optical 
filter and. in a second checking process, is so 65 
influenced by a special filter that only the 
wavelengths needed to excite the genuine 
fluorescent material are highly damped. The 
emission spectra resulting from these two 
checking processes are detected in predeter- 70 
mined wavelength ranges and evaluated 
with a logic for verification. 

To damp exactly only the exciting 
wavelengths of the genuine fluorescent 
material in the second check, use is made of 75 
an optical absorption filter which contains 
an addition of the material to be identified 
or chemical components of this material. 

The invention has a number of essential 
advantages over the prior art. For example, 80 
despite a simple set-up, the proposed check- 
ing method permits an unambiguous identi- 
fication of fluorescent materials and, hence, 
a distinction between very similar fluores- 
cent materials. The use of the special filter 85 
according to the invention even allows more 
complex excitation spectra to be checked 
without additional expense. Since the spe- 
cial filter is given its defined filtering action 
by adding the material to be checked, the 90 
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f)roduction of the filter presents no prob- ambiguously and without major expense 

ems despite the stringent requirements using the absorption filter according to the 

placed on the filtering action. invention. 
Further features and advantages of the Figure 1 shows the schematic set-up of 

5 invention will be apparent from the claims such a checking apparatus suitable for the 70 

and from the following description of an unambiguous identification of fluorescent 

embodiment of the invention. In the accom- materials. With this apparatus, the fluores- 

panying drawings. Figure 1 shows a schema- cent inks 12 deposited on the record carrier 

tic set-up of a checking apparatus operating 7 are to be identified. The checking appar- 

10 on the principle according to the invention; atus consists essentially of an exciting source 75 

Figure 2 is a top view of the filter disc used 1 which radiates in the ultraviolet region 

in the checking apparatus of Figure 1; with a continuous spectrum, of a rotating 

Figure 2 is a schematic representation of the filter disc 2 which is driven by a motor 10 

light spectra occurring in the checking and in which two europium-chelate filters 3 

15 apparatus and usable for excitation; Figure 4 and two grey filters 4, described in greater 80 

is a schematic representation of the emission detail below, are installed in an alternating 

spectra occurring in the checking apparatus sequence, of two blocking-filter sets 8, 9, 

when a false fluorescent material is being and of a photodetector 11 with which the 

checked; Figure 5 is a schematic representa- radiant intensity emitted by the sample to be 

20 tion of the emission spectra occurring in the examined is measured. 85 
checking apparatus when a genuine fluores- As can be seen in Figure 2, the two 

cent material is being checked; Figure 6 is a europium-chelate filters 3 and the grey 

summary of the photodetector signals made filters 4 are so arranged on the filter disc 2 

available in the checking apparatus for that, when the disc is centrally driven by the 

25 evaluation in case of genuine and false motor 10, a europium-chelate filter 3 and a 90 

fluorescences being checked, and Figure 7 is grey filter 4 will move between the exciting 

a block diagram of an electronic evaluating source 1 and the blocking-filter set 8 by 

circuit suitable for processing the photode- turns. With the aid of marking portions 5 

tector signals. provided at the rim of the filter disc 2, and 

30 Europium chelate is an organometallic with an inductive proximity switch 6 or a 95 

luminescent material exhibiting a character- similar position indicator it can be deter- 

istic red fluorescence and having a charac- mined at any time which of the filters 3, 4 is 

teristic excitation spectrum. Since these two located in the exciting-beam path of the 

features allow such a material to be very light source 1. 
35 well distinguished from other luminescent When a fluorescent material is being 100 

materials, it was proposed in U.S. Patent checked, the wideband light spectrum of the 
3,473,027, together with other fluorescent ultraviolet light source 1 used for excitation 
materials, for use in automatically verifiable of fluorescence passes through the filters 3, 
printing inks for securities. 4 of the filter disc 2 and through the 

40 While there is generally no technical blocking filter 8 to the ink sample 12 where 105 
interest in europium chelate, which is prac- it causes a radiation to be emitted whose 
tically unobtainable on the market, euro- itensity depends on whether a "genuine" or 
pium-containing inorganic luminescent a "false" material is being checked and 
materials are produced and processed in whether the grey filter 4 or the special filter 
45 large quantities, especially for the manufac- 3, which is adapted to the genuine material, 11C 
ture of color television picture tubes, is located in the exciting-beam path. 
Obtaining such luminescent materials pre- The light emitted by the ink sample 12 as 
sents no difficulties because they are com- a result of the excitation of fluorescence 
mercially available. passes through the blocking filter set 9 and 

50 It is relatively easy to distinguish euro- reaches a photodetector arrangement 11 11! 

[rium-containing luminescent materials from which, for a spectral resolution of the 
uminescent materials without europium be- fluorescent light as in U.S. Patent 
cause of the characteristic narrow-band 3,473,027, may contain a prism and an 
europium emission, whereas great difficul- arrangement comprising several photbde- 
55 ties have been encountered in distinguishing tectors for detecting the europium-emission 12( 
different europium-containing fluorescent line. Since this arrangement for resolving 
materials from one another. In view of the the spectrum of the fluorescent light forms 
danger that securities marked with euro- no part of the invention, it will be omitted in 

[)ium chelate are forged with the aid of the following, and only a photodetector 
uminescent materials for color television sensitive to the europium-emission line will 12f 
tubes, it is highly desirable, however, to be be used behind the blocking-filter set 9. A 
able to distinguish between europium- device suitable for providing this indication 
containing luminescent materials, too. By is a silicon photovoltaic cell, for example, 
the checking method according to the inven- Of the absorption filters 3, 4 shown in 
65 tion, this can be accomplished quite un- Figure 2, the europium-chelate filter 3 13( 
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s stfbws an absorption behaviour by which the 
wavelengths needed to excite a genuine ink 
are highly damped, while all other 
' wavelengths are passed undamped, as far as 
5 possible. Such a filter can be obtained, for 
example, by colouring acrylic glass with 
europium chelate. The absorption spectrum 
of this filter then corresponds exactly to the 
excitation sj>ectrum of europium chelate. A 
' : 10 main excitation band of europium chelate at 
about 350 nm is largely absorbed by this 
filter; as a result, considerably less radiant 
energy is present for the excitation of a 

Senuine sample than, say, for that of a 
iminescent material for a color television 

Eicture tube, because the main excitation 
and of such a material, located at about 
300 nm, passes the filter nearly undamped. 
To obtain a reference value for the 
20 damping behaviour of the europium chelate 
filter 3, the grey filter 4 shows uniform 
damping (curve 15) throughout the range of 
radiation 13 (Figure 3) of the exciting source 
1. The transmission is chosen to be about 50 
25 % so that the filter 3 will damp the main 
excitation band of the genuine material 
more than does the grey filter 4, while 
damping the remaining spectral range less 
than does the filter 4. The curve 14 of Figure 
30 3 shows this light spectrum damped by the 
europium chelate filter 3 and used for 
excitation. 

• The partially high damping in exactly 
those wavelength ranges where the fluoresc- 
es ence of the europium chelate is excited is 
indicated by the trough 19. 

If the above-mentioned europium inks 
are irradiated with the light spectra 14, 15 
for excitation, the emission spectra 17, 18, 
40 21, 22, shown in Figures 4 and 5, will be 
obtained. The range within which the 
; photocell responds is designated FE. 

The fluorescence curves shown in Figure 
4 are obtained if a luminescent material for 
4J> a television screen is irradiated, while the 
curves of Figure 5 result from the excitation 
of the europium chelate. In reality, these 
spectral curves are much more complex. For 
tne sake of simplicity, however, the inven- 
5Q tion will be explained with the aid of these 
highly stylized curves. 

Since the damping of the filter 3 within 
the main excitation band of the luminescent 
material for a television screen (300 nm, 
55" Figure 3) is relatively low at 0.2, the "false" 
■* ink irraaiated through the filter 3 fluoresces 
relatively intensely U f ) and, as shown by the 
curve 17, reaches about 80 % of the value 
attainable with undamped light (curve 16). 
If the same material is irradiated through 
the grey filter 4, only 50 % (curve 18) of the 
emission excited without damping will be 
v obtained as a result of the higher damping of 
\ the 300-nm line. 
65 ! i Because of the wide-band damping be- 
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haviour of the filter 3. the level of the curve 
21 (Figure 5) hardly differs from that of the 
curve 18. As a result of the partial damping 
19 of the main excitation band of the 
"genuine" material, however, the emission 70 
spectrum 22 generated with the special filter 
3 reaches only 20 % of the possible final 
value 16 (le). 

To avoid any undefined lighting condi- 
tions on the sample 2 and on the photode- 75 
tector 11, the whole arrangement described 
with the aid of Figure 1 is housed in a 
light-tight case where the sample can be 
examined without being reached by ambient 
light. To ensure that only the ultraviolet 80 
light coming from the exciting source 1 
reaches the sample to be examined, and that 
only the radiation emitted by the sample 
reaches the photodetector 11, the two 
blocking-filter sets 8, 9 are arranged so that 85 
the exciting radiation of the exciting source 
1 can reach the sample through the block- 
ing-filter set 8 only, while the radiation 
emitted by the sample 12 can reach the 
photodetector 11 only after passing through 90 
the blocking-filter set 9. The blocking-filter 
set 8 is designed so that only the ultraviolet 
spectrum of the exciting source 1 can pass 
tnerethrough without appreciable damping. 
By contrast, the blocking-filter set 9 blocks 95 
this spectral range used'for excitation and 
passes only the radiation emitted by the 
sample. 

Since such blocking-filter sets composed 
of a large number of different optical filters 100 
and commercially available and generally 
known, their structure will not be described 
here; since a light-tight case meeting the 
above requirements can be constructed by a 
person of ordinary skill in the art without 105 
difficulty, it is not shown in the drawings. 

Figure 6 shows the signals of the position 
indicator 6 and of the photodetector 11 
which are obtained when a "genuine" and a 
"false" fluorescence signal are being check- 110 
ed. Since the position indicator 6 indicates 
only the presence and absence of the mark- 
ing portions 5 of the filter disc, and since a 
marking portion is just as long as a gap, the 
position indicator 6 provides a rectangular 115 
signal 23 of constant amplitude and fixed 
mark-to-space ratio. When a genuine 
fluorescent material is being checked, the 
photodetector 11 additionally provides simi- 
lar rectangular signals synchronous with the 120 
timing signals of the position indicator 5, 
but. depending on which filter is located in 
the exciting-beam path, the amplitudes vary 
in the rhythm of the timing signals about the 
levels explained with the aid of Figures 4 125 
and 5. When the "genuine" material is 
irradiated about 20 % or 50 % of the 
maximum photocurrent attainable with un- 
damped excitation are alternately obtained, 
depending on whether the europium chelate 130 
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filter 3 or the grey filter 4 is in the 
exciting-beam path, while these values vary 
between 80 % and 50 % of the maximum 
value when a "false" fluorescent material is 

5 being checked. 

Figure 7 shows in a block diagram how 
the signals of the photodetector 11 and of 
the position indicator 6 can be processed so 
that the output of the circuit will provide a 

10 logic "high" signal in case of "genuine" 
fluorescence, and a logic "low" signal in 
case of "false" fluorescence. With the aid of 
the position indicator 6, a transmission gate 

25 is opened when the europium-chelate 
15 filter is located in the beam path, and closed 

when the grey filter is located in the beam 
path. An inserted inverter 29 causes the 
transmission gate 28 to operate in exactly 
the inverted sense. Thus, if the luminescent 
20 material is excited through the euorpium- 
chelate filter 3, the sample-and-hold stage 

26 will integrate and store the photodetector 
signals amplified in the amplifier 24, while 
in case of excitation through the grey filter, 

25 the sample-and-hold stage 30 will process 
the fluorescence signals. Depending on 
which of the signals is higher after a prede- 
termined time, a following comparator 32 
passes a logic "low" or a logic "high" signal 
30 to the output 33 of the circuit. To be ready 
to receive new signals, the sample-and-hold 
stages 26 and 30 are reset after each 
checking cycle with the aid of resetting 
circuits 27 and 31 triggered by the position 
35 indicator 6. 

Although the method was explained with 
reference to the europium-chelate fluores- 
cent material, it is not, of course, limited to 
the checking of this material. Nearly all 
40 fluorescent materials whose excitation spec- 
tra are suited for identifying the material 
can be used to make suitable special filters 
which can be used as in the sample de- 
scribed. To make the filters, organic fluores- 
45 cent materials are in most cases embedded 
in transparent plastics, while inorganic 
materials are frequently embedded in glas- 
ses. If no such solution can be found, the 
luminescent material may also be applied to 
50 a suitable transparent base with a bonding 
agent. With a filter so made, however, light 
losses are likely to occur due to scattering. 

Without departing from the principle 
according to the invention, the light division 
55 between the reference beam (with the grey 
filter 4) and the checking beam (with the 
special absorption filter 3) need not neces- 
sarily be performed with a rotating disc 2. 
As in all two-beam methods, instead of the 
60 principle described here, i.e. alternate mea- 
surement of the fluorescence at the same 
point, the principle of simultaneous mea- 
surement at different points may be em- 
ployed. To do this, the exciting light is 
65 passed partly through the grey filter and 


partly through the special absorption filter 
disposed beside the grey filter, for example. 
The two areas of the document to be 
checked which are differently illuminated in 
this way are observed with two suitably 70 
arranged fluorescence detectors whose sig- 
nals are compared. 

The last described arrangement can also 
be converted to an arrangement in which 
the sample area to be examined is so moved 75 
on the first-mentioned principle as to be 
once in front of the special absorption filter 
and once in front of the grey filter. 

Furthermore, the grey filter described in 
the embodiment may be replaced by a 80 
neutral filter. In that case, however, the 
measured values obtained with the special 
filter must not be related to a 50 % level 
(curves 17, 21,) but to a value of 100 % 
(curve 16). The neutral filter can be a free 85 
opening. 

WHAT WE CLAIM IS:- 

1 . A method of identifying a fluorescent 
material, wherein the fluorescent material 

to be examined is activated by light of 90 
spectrally attenuated intensity of radiation, 
the fluorescent material being irradiated in 
one step with wide-band light and in another 
step with wide band light which has been 
passed through a partially attenuating filter 95 
which attenuates only the wavelengths 
necessary to activate the material being 
identified, the different intensities of radia- 
tion emitted by the fluorescent material in 
the two steps being compared with one 100 
another and used for identification. 

2. A method as claimed in claim 1 in 
which a grey filter attenuating the wide band 
light is placed in the path of the radiations 
applied during the said one step. 105 

3. A method as claimed in claim 1 in 
which a neutral filter is placed in the path of 
the radiations applied during the said one 
step. 

4. A method as claimed in claim 3 110 
wherein said neutral filter comprises a free 
opening for radiations over the said wide 
band. 

5. A method as claimed in any preced- 
ing claim wherein the radiations in the 115 
respective steps are applied alternately in 
succession. 

6. A method as claimed in any one of 
claims 1 to 5, wherein radiations in the 
respective steps are applied simultaneously 120 
to separate areas of the material being 
examined. 

7. A method as claimed in any one of 
the preceding claims, wherein radiations 
applied in the said another step are subject 125 
to attenuation in a plurality of selected 
bands, each selected band corresponding to 

a part of the wide band and comprising 
wavelengths able to render fluorescent a 
respective fluorescent material. 13C 
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8. Apparatus for use in identifying a 
fluorescent material, wherein the fluores- 
: cent material to be examined is activated by 
light of spectrally attenuated intensity of 
5, radiation, including an absorbing grey filter 
and a partially absorbing filter which attenu- 
ates only the wavelengths needed to activate 
the material to be identified, the said filters 
4 being arranged to attenuate independently 
10. light from the source before it is applied to 
; the material, and means to compare the 
intensities of the radiations emitted by the 
fluorescent material following irradiation 
via the respective filters. 
15 9. Apparatus as claimed in claim 8, 
: wherein tne partially absorbing filter, con- 
tains one or more chemical components of 
: the fluorescent material to be identified. 
10. Apparatus as claimed in either claim 
20 8 or claim 8 wherein the fluorescent material 
to be identified or the one or more chemical 
components thereof is or are applied to the 
surface of the filter with the aid of a 
\t solution. 

25 11. Apparatus as claimed in either claim 
8 or claim 9 wherein the partially absorbing 
filter is an otherwise clear solid material into 
which the fluorescent material to be identi- 
fied or the one or more chemical compo- 

30 nents thereof has or have been introduced. 

12. Apparatus as claimed in either claim 
8 or claim 9 wherein the partially absorbing 
filter is an otherwise clear fluid material into 
which the fluorescent material to be identi- 

35 fied or the one or more chemical compo- 
nents thereof has or have been introduced. 

13. A method of identifying fluorescent 
materials as claimed in claim 1, substantially 
as described herein with reference to the 

40 accompanying drawings. 

14. Apparatus as claimed in claim 8, 
including a filter substantially as described 
herein with reference to Figure 2 of the 
accompanying drawings. 

45 

JOHN ORCHARD & CO., 

Chartered Patent Agents, 
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High Holborn, 
50 London, WC1V 7PZ. 
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